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INTRODUCTION I n t h e f a l l of 1984, t h e U. S. Congress amended t h e Resource Conservation and
Recovery Act (RCRA) i n a number of s i g n i f i c a n t ways t h a t may have f a r -r e a c h i n g e f f e c t s upon many f a c e t s of s o c i e t y .
The new RCRA amendments, by phasing o u t the l a n d d i s p o s a l of v a r i o u s c l a s s e s of hazardous wastes and by r e q u i r i n g i n d u s t r i e s t o develop p l a n s f o r waste r e d u c t i o n and t o x i c i t y r e d u c t i o n , provide s u b s t a n t i a l r e g u l a t o r y p r e s s u r e s f o r c o r p o r a t e l e a d e r s t o implement t e c h n i c a l l y and economically sound means of meeting t h e new environmental g o a l s .
Some o b s e r v e r s of environmental r e g u l a t o r y approaches a e e t h e RCRA amendments a s f u r t h e r unnecessary meddling by t h e government i n t h e i n d u s t r i a l world's domain of p r o v i d i n g goods and s e r v i c e s f o r consumers i n ways t h a t a r e i n t e r n a t i o n a l l y competitive.
Other o b s e r v e r s s e e t h e s e amendments, i f enforced according t o t h e i r u n d e r s t a n d i n g of Congress' i n t e n t , a s p r o v i d i n g s t r o n g impetus f o r comprehensive emphasis upon a systems' approach t o s o l v i n g environmental and economic problems.
The l a t t e r c a t e g o r y of o b s e r v e r s s a y t h a t much of t h e r e g u l a t o r y emphasis of t h e p a s t has provided only a medium-specific emphasis upon end-of-pipe p o l l u t i o n c o n t r o l s . I n c o n t r a s t , they s e e t h a t while t h e RCRA amendments were o s t e n s i b l y designed t o minimize t h e g e n e r a t i o n and land " d i s p o s a l " of hazardous w a s t e s , t h e e x p e r i e n c e of some l e a d i n g i n d u s t r i e s s u g g e s t s t h a t t h e s e amendments, coupled w i t h i n c r e a s i n g l i a b i l i t y r i s k s under CERCLA, OSHA, Worker'sRight-To-Know and Community-Right-To-Know, a r e making i t i n c r e a s i n g l y s e n s i b l e t o use a systems' approach t o t h e PREVENTION of t h e p r o d u c t i o n and r e l e a s e of p o l l u t a n t s r a t h e r than a medium-by-medium, problem-by-problem approach t o POLLUTION CONTROL. During t h e l a s t t e n y e a r s , l e a d i n g i n d u s t r i a l i s t s around t h e world have documented s u c c e s s e s t h a t confirm t h e wisdom of p l a c i n g primary emphasis upon t h e q u e s t i o n of "how can we prevent o r minimize t h e production of t h e p o l l u t a n t ? " r a t h e r than upon t h e question of "how can we d i s p o s e of our wastes?" In Europe, such approaches a r e termed, "Low and Non-Waste Technologies ,'I "Clean Technologies," o r "Environmental Technologies." I n t h e
U.S.
and Canada, t h e terms "Pollution Prevention," 'Waste Minimization," "Waste Reduction," and "Source Reduction" a r e used t o r e f e r t o t h e approaches t h a t u t i l i z e the p r e v e n t a t t v e focus.
The i n d u s t r i a l p o l l u t i o n p r e v e n t i o n and waste reduction s u c c e s s e s r e f e r r e d t o i n t h e s e p u b l i c a t i o n s have been found t o occur i n t h e following c a t e g o r i e s :
The f o l l o w i n g c i t a t i o n s document some of t h e experiences t o d a t e (1-19).
a.
Improved housekeeping b.
Process m o d i f i c a t i o n through m a t e r i a l s s u b s t i t u t i o n c.
Equipment redesign
While much has been w r i t t e n about t h e r o l e of each of t h e s e approaches and while a l l t h r e e approaches a r e f r e q u e n t l y u t i l i z e d a t i n d u s t r i a l f a c i l i t i e s , t h i s a r t i c l e focuses upon MATERIALS AND PROCESS SUBSTITUTIONS of a l e s s t o x i c and/or l e s s p o l l u t i n g component i n t h e manufacturing process f o r t h e p r e v i o u s l y used m a t e r i a l o r process.
The e l e v e n examples which a r e p r e s e n t e d h e r e i n i l l u s t r a t e replacement of c h l o r i n a t e d , c a u s t i c , o r a c i d i c c l e a n e r s and d e g r e a s e r s ; replacement of t o x i c m e t a l s ; and replacement of organic-based i n k s , p a i n t s , and s o l v e n t s w i t h a l t e r n a t i v e m a t e r i a l s o r processes.
These b r i e f d i s c u s s i o n s d e s c r i b e s u b s t i t u t i o n s t h a t have s u c c e s s f u l l y reduced hazardous waste production.
1.
Replace c h l o r i n a t e d w i t h water-based d e g r e a s e r s .
I n h i s a r t i c l e , "How t o Meet Tough VOC Regulations,"
Fenstermaker c i t e s t h e switch to c h l o r i n a t e d s o l v e n t s a s t h e a l t e r n a t i v e c h a r a c t e r i z e d by l e a s t d i f f i c u l t y and c o s t . Many s t a t e and l o c a l r e g u l a t i o n s exempt c h l o r i n a t e d s o l v e n t s a s a s u b s t i t u t e f o r hydrocarbon s o l v e n t s due' t o t h e i r low photochemical a c t i v i t y .
For example, i n 46 s t a t e s , l , l , l -t r i c h l o r o e t h a n e i s excluded from a i r q u a l i t y r e g u l a t i o n s as d e s c r i b e d w i t h i n t h e mandated S t a t e Implementation P l a n (SIP) g u i d e l i n e s (nonexempt i n MI, R I , N J , and KY). (21) EPA g u i d e l i n e s a r e much broader, w i t h only w a t e r , methylene c h l o r i d e , and l , l , lt r i c h l o r o e t h a n e exempted. (22) Chevron USA (23) and C a r r i e r Corporation (24) have documented examples of s u b s t i t u t i n g formulations based on l , l , l -t r i c h l o r o e t h a n e f o r o t h e r more t o x i c c h l o r i n a t e d s o l v e n t s .
The use of l , l , l -t r i c h l o r o e t h a n e and methylene c h l o r i d e seems t o be an easy s o l u t i o n t o t h e problem of reducing VOCs and o t h e r hazardous substances; however, t h e r e i s concern i n many q u a r t e r s t h a t halogenated s o l v e n t s may be c o n t r i b u t i n g t o t h e d i s r u p t i o n of t h e p r o t e c t i v e ozone l a y e r . The EPA i s i n t h e process of p r e p a r i n g tough new s t a n d a r d s t h a t w i l l r e g u l a t e t h e use of almost a l l halogenated s o l v e n t s .
Work i s a l s o underway i n The Netherlands t o r e p l a c e c h l o r i n a t e d s o l v e n t s w i t h water-based s o l v e n t s i n as many a p p l i c a t i o n s a s p o s s i b l e .
New water-based c l e a n i n g s o l v e n t s have been developed which, i n many a p p l i c a t i o n s , can r e p l a c e c h l o r i n a t e d and o t h e r o r g a n i c s o l v e n t c l e a n e r s . Several companies have introduced new product l i n e s which a r e non-petroleum, nonc h l o r i n a t e d replacements f o r o r g a n i c s o l v e n t s , s o l v e n t emulsions, and a l k a l i n e c l e a n e r s . I n t e s t s f o r removal e f f i c i e n c y of heavy g r e a s e s , carbonized o i l s , gear l u b e s , g r e a s e b u i l d u p s , o i l y d e p o s i t s , t a r , and bituminous d e p o s i t s , t h e waterr e d u c i b l e c l e a n i n g s o l v e n t s have outperformed most organic-based c l e a n e r s . These new c l e a n e r s a r e biodegradable and water s o l u b l e , producing no VOCs o r hazardous waste.
These new water-based c l e a n i n g s o l v e n t s can be used t o break water-oil emulsions and t h e r e f o r e e x p e d i t e resource recovery and waste reduction. The c h a r a c t e r i s t i c s of t h e s e water-based c l e a n e r s make p o s s i b l e e a s y recovery of o i l s and simple s e p a r a t i o n of s o i l from t h e s o l v e n t s .
The formulations permit t h e d i s c h a r g e of used s o l v e n t s t o wastewater treatment p l a n t s . wnd the world have iary emphasis upon t h e of t h e p o l l u t a n t ? " wastes?" In Europe, chnologies, 'I ' T l e a n s. and Canada, t h e duct i o n , It and "Source ze t h e p r e v e n t a t i v e :es t o d a t e (1-19).
Wccesses r e f e r r e d t o Ing c a t e g o r i e s :
hese approaches and 31 f a c i l i t i e s , t h i s l e s s t o x i c and/or P r e v i o u s l y used 1 h e r e i n i l l u s t r a t e 's and d e g r e a s e r s ; i n k s , p a i n t s , and b r i e f d i s c u s s i o n s Waste production.
, ' '
(20) Tilghman t h e a l t e r n a t i v e l o c a l r e g u l a t i o n s . v e n t s due t o t h e i r ' t r i c h l o r o e t h a n e is le mandated S t a t e and KY). (21) EPA r i d e , and l , l , lp o r a t i o n (24) have , l -t r i c h l o r o e t h a n e 'ms t o be an e a s y 3tances; however, be c o n t r i b u t i n g t o t h e process of i t a l l halogenated ) l a c e c h l o r i n a t e d s i b l e . which, i n many l e a n e r s .
S e v e r a l -petroleum, nons , and a l k a l i n e onized o i l s , g e a r o s i t s , t h e watercleaners. These JoCs o r hazardous break w a t e r -o i l reduction.
The recovery of o i l s ons permit t h e The Hotsy Corporation, f o r example, provides h i g h p r e s s u r e h o t w a t e r c l e a n i n g t o t r u c k i n g and heavy equipment manufacturers, t e x t i l e companies, metal f i n i s h i n g o p e r a t i o n s , and a wide v a r i e t y of o t h e r manufacturing and p r o c e s s i n d u s t r i e s .
I n f a c t , Tom Martin of t h e Denver, North C a r o l i n a o f f i c e s a y s t h a t i n d u s t r y i n North C a r o l i n a is a p r o s p e c t f o r us."
Hotsy uses e i t h e r water i l o n e o r w i t h biodegradable chemicals such as a mild butyl-based c l e a n e r i n t h e i r , , r a t i o n . Frank Smith of t h e Knoxville o f f i c e d e s c r i b e s t h e system as being f a r ,,erior t o o r g a n i c chemical c l e a n i n g w i t h r e s p e c t t o e f f i c i e n c y and c l e a n i n g r e r f o p " c e .
The chemicals used i n t h e system are cheaper and d i l u t e f a r t h e r t h a n c h l o r i n a t e d s o l v e n t s such as t r i c h l o r o e t h a n e . A d d i t i o n a l l y , t h e y produce no VOCs o r hazardous Waste.
One company which has s u c c e s s f u l l y s u b s t i t u t e d water-based c l e a n e r s f o r organic solvent-based c l e a n e r s is t h e Hamilton Beach D i v i s i o n of S c o v i l l , Inc. i n Clinton, North Carolina. S c o v i l l used l , l , l -t r i c h l o r o e t h a n e s o l v e n t t o degrease the metal stampings i n t h e i r small a p p l i a n c e s manufacturing process.
The company t e s t e d a water-soluble s y n t h e t i c c l e a n e r as a p o s s i b l e s u b s t i t u t e f o r t h e l , l , lt r i c h l o r o e t h a n e o r g a n i c s o l v e n t d e g r e a s e r . After some e x p e r i m e n t a t i o n , t h e y found :he c l e a n e r s u i t a b l e f o r some of t h e i r a p p l i c a t i o n s and have been a b l e t o reduce j e i r l , l , l -t r i c h l o r o e t h a n e use by 30 percent. The water-soluble c l e a n e r i s not , u i t a b l e f o r a l l a p p l i c a t i o n s because i t can corrode g a l v a n i z e d p a r t s .
S c o v i l l r e p o r t s a n annual s a v i n g s of $12,000 from t h i s s u b s t i t u t i o n . ( 2 5 )
There a r e many o t h e r examples of e f f e c t i v e s o l v e n t s u b s t i t u t i o n f o r c h l o r i n a t e d d e g r e a s e r s and c l e a n e r s .
Among them, Texas Instruments was a b l e t o e l i m i n a t e its use of t r i c h l o r o e t h y l e n e (TCE) throughout i t s A t t l e b o r o o p e r a t i o n s . The s u b s t i t u t e , a n a l k a l i c l e a n e r used i n a high-pressure p r o c e s s , a c t u a l l y improved f i n i s h e d product q u a l i t y and reduced o p e r a t i n g expenses.
E l e c t r o n i c
Molding i n Providence, RI was a b l e t o s u b s t i t u t e a water-based d e t e r g e n t f o r TCE
i n c l e a n i n g p i n s f o r use i n e l e c t r o n i c equipment. I n New Hampshire, Moore Business Forms was a b l e t o e l i m i n a t e t h e use of i t s o r g a n i c d e g r e a s e r i n 90 percent of i t s c l e a n i n g o p e r a t i o n s .
I n s t e a d , t h e f i r m u s e s water i n a steam cleaning o p e r a t i o n . ( 2 6 ) 2.
Replace c a u s t i c m e t a l c l e a n e r w i t h pneumatic system.
Vulcan Automotive Equipment Ltd. (Vancouver, B r i t i s h Columbia, Canada) remanufactures used automotive engines.
The p r e v i o u s l y used c l e a n i n g process was modified by r e p l a c i n g t h e i n o r g a n i c c a u s t i c c l e a n e r w i t h a pneumatic "aluminum shot" system.
I n t h i s system, a h i g h v e l o c i t y s t r e a m of s p h e r i c a l aluminum s h o t i s d i r e c t e d o n t o t h e engine blocks being cleaned.
The a b r a s i v e a c t i o n of t h e s h o t thoroughly and e f f e c t i v e l y removes a l l grime and r u s t .
Furthermore, t h e engine blocks a c q u i r e a n aluminum c o a t i n g which is r u s t -r e s i s t e n t and which imparts an appearance of "brand new cast metal." T h i s m o d i f i c a t i o n i n equipment d e s i g n r e s u l t e d i n s u b s t a n t i a l s a v i n g s t o t h e company due t o decreased c o s t s f o r raw m a t e r i a l s , l a b o r , and avoided hazardous waste management c o s t s . The new aluminum s h o t system i n c r e a s e d p r o d u c t i v i t y , improved t h e f i n a l product, and provided a n annual c o s t s a v i n g s of $40,000 and a payback p e r i o d of approximately two y e a r s .
( 2 7 )
3.
Replace c a u s t i c metal c l e a n e r w i t h h i g h p r e s s u r e h o t water closedloop system c l e a n e r .
Chevron USA, Inc. maintains a petroleum product warehouse i n L o u i s v i l l e , Kentucky.
A shipping-drum r e c o n d i t i o n i n g f a c i l i t y , i n which used drums a r e cleaned and r e p a i n t e d f o r r e u s e , i s operated on-site. P r i o r c l e a n i n g p r a c t i c e s g e n e r a t e d a complex hazardous waste s t r e a m composed of c a u s t i c , o i l , w a t e r , and p a i n t , A high-pressure, h o t water c l e a n i n g system w a s i n s t a l l e d t o r e p l a c e t h e c a u s t i c c l e a n i n g system.
The new system i s a closed-loop p r o c e s s which r e u s e s t h e f i l t e r e d c l e a n i n g water and a l s o e n s u r e s recovery of o i l removed from t h e drums and g e n e r a t e s no hazardous waste. The system r e s u l t e d i n a n annual s a v i n g s of $80,000 with a 3-year payback period.
(28) which c o s t Chevron $50,000 a n n u a l l y t o manage.
.
Replace a c i d i c metal c l e a n e r w i t h mechanical a b r a s i o n c l e a n e r . f 3 M ' s m i c r o e l e c t r o n i c s p l a n t i n Columbia, Missouri makes f l e x i b l e e l e c t r o n i c c i r c u i t s from copper sheeting.
Before use, t h e copper s h e e t i n g was p r e v i o u s l y cleaned by s p r a y i n g i t w i t h ammonium p e r s u l f a t e , phosphoric a c i d , and s u l f u r i c a c i d .
This process r e s u l t e d . i n t h e production of s u b s t a n t i a l q u a n t i t i e s of hazardous wastes which were expensive t o manage. An a l t e r n a t i v e equipment design was introduced t o r e p l a c e t h e chemical c l e a n i n g process.
The new p r o c e s s f e a t u r e s a machine w i t h r o t a t i n g brushes t h a t mechanically c l e a n s t h e metal u s i n g pumice. The use of t h e f i n e a b r a s i v e pumice g e n e r a t e s a very small q u a n t i t y of nonhazardous s l u d g e which can be placed i n a conventional s a n i t a r y l a n d f i l l . This new method reduced t h e plant's annual hazardous waste production by 40,000 pounds.
The new system a l s o saved $15,000 i n i t s f i r s t y e a r , due t o reduced raw m a t e r i a l , hazardous waste management, and l a b o r c o s t s . ( 2 9 )
5.

Replace chromic a c i d b r i g h t d i p w i t h s u l f u r i c a c i d l p e r o x i d e d i p .
Stanadyne, Inc. i n Sanford, North C a r o l i n a , which manufactures plumbing f i x t u r e s , has found a way t o perform chromic a c i d b r i g h t d i p s w i t h reduced waste g e n e r a t i o n .
Brass and copper p a r t s which had been brazed t o g e t h e r were p r e v i o u s l y cleaned u s i n g a chromic a c i d b r i g h t d i p , an o p e r a t i o n which w a s a major hazardous waste producer.
Stanadyne s u b s t i t u t e d a s u l f u r i c a c i d / p e r o x i d e b r i g h t d i p , which not only performs w e l l but a l s o produces much s m a l l e r q u a n t i t i e s of hazardous waste sludge. (30) 6.
Replace a c i d i c methylene c h l o r i d e p a i n t s t r i p p i n g w i t h pneumatic p a i n t s t r i p p i n g o p e r a t i o n s .
The U.S.
Department of Defense has documented many examples of p h y s i c a l process s u b s t i t u t i o n (31).
One p a r t i c u l a r case involves H i l l A i r Force Base i n Ogden, Utah.
P r e v i o u s l y , t h e method of choice f o r a i r c r a f t p a i n t s t r i p p i n g was an a c i d i c methylene c h l o r i d e s o l u t i o n which d i s s o l v e d and loosened t h e p a i n t . P l a s t i c media pneumatic p a i n t s t r i p p i n g has been s u c c e s s f u l l y used f o r a i r c r a f t p a i n t removal.
I n t h i s p r o c e s s , o l d p a i n t i s removed w i t h conventional sand b l a s t i n g equipment u s i n g recoverable p l a s t i c beads.
A d r y waste of p u l v e r i z e d p a i n t and p l a s t i c beads i s produced, and t h e beads a r e reused.
The previous c a u s t i c c l e a n i n g method produced 20,000 g a l l o n s of l i q u i d hazardous waste per plane.
The new pneumatic s t r i p p i n g method produces no l i q u i d waste, only a s m a l l q u a n t i t y of dry waste which can be s a f e l y managed i n s a n i t a r y l a n d f i l l s .
7.
Replace mercury w i t h s e l e c t i v e membrane.
I C I , a t one of i t s p l a n t s i n t h e United Kingdom, i n c o r p o r a t e d a n F M 21 r e v e r s e osmosis (RO) membrane c e l l which does not e n t a i l t h e use of mercury f o r c h l o r -a l k a l i production.
This change r e s u l t e d i n a 30 percent r e d u c t i o n i n energy requirements.
It i s more compact, t h u s r e q u i r i n g l e s s production space; i s e a s i e r t o i n s t a l l and m a i n t a i n ; and allows f o r g r e a t e r f l e x i b i l i t y and c o n t r o l of t h e production process. Most i m p o r t a n t l y , t h e new membrane-based c e l l produces c h l o ra l k a l i w i t h no mercury-containing hazardous waste. (32) 8.
Replace cadmium-containing pigments.
Another s u b s t i t u t i o n p o s s i b i l i t y i s t h a t of r e p l a c i n g a t o x i c substance w i t h one l e s s t o x i c while maintaining t h e same l e v e l of performance and production. One such a r e a of m a t e r i a l s u b s t i t u t i o n is i n t h e p l a s t i c s i n d u s t r y , r e p l a c i n g s.
Clexible e l e c t r o n i c Lng w a s p r e v i o u s l y :id, and s u l f u r i c La1 q u a n t i t i e s of ! equipment d e s i g n !w process f e a t u r e s ) t a l u s i n g pumice. 'mall q u a n t i t y of ry l a n d f i l l . This by 40,000 pounds. uced raw m a t e r i a l ,
dip.
i f a c t u r e s plumbing i t h reduced waste ?d t o g e t h e r were which was a major idfperoxide b r i g h t !r q u a n t i t i e s of le uma t i c l e s of p h y s i c a l i r Force Base i n s t r i p p i n g was an ened t h e p a i n t . c substance w i t h and production. s t r y , r e p l a c i n g cadmium-containing pigments w i t h pigments t h a t a r e less t o x i c . A r e p o r t i s s u e d by the National Swedish Environment P r o t e c t i o n Board (33) d i s c u s s e s t h e t e c h n i c a l problems a s s o c i a t e d w i t h f i n d i n g s u b s t i t u t e s f o r cadmium-containing compounds a s pigments and s t a b i l i z e r s i n d i f f e r e n t p l a s t i c s a s w e l l a s t h e time frames w i t h i n which s u b s t i t u t e s f o r cadmium i n p l a s t i c s can be expected t o be forthcoming.
Approximately 80 percent of a l l cadmium pigments a r e used w i t h i n t h e p l a s t i c s industry, of which 85 percent a r e used i n high volume p l a s t i c s such as p o l y e t h y l e n e , polypropylene, p o l y s t y r e n e , ABS, and PVC. The remaining 15 percent of t h e cadmium pigments a r e used i n engineering p l a s t i c s .
It Most cadmium s t a b i l i z e r s a r e c u r r e n t l y used o n l y i n outdoor products.
For c e r t a i n f l e x i b l e PVC products f o r outdoor u s e , i t does not appear t o be p o s s i b l e , a t t h e p r e s e n t time, t o completely e l i m i n a t e cadmium without causing a s u b s t a n t i a l d e t e r i o r a t i o n i n q u a l i t y . I n PVCcoated f a b r i c , on t h e o t h e r hand, i t is u s u a l l y p o s s i b l e t o r e p l a c e cadmium.
P l a s t i c o l -c o a t e d s t e e l s h e e t f o r outdoor use i s s t i l l s t a b i l i z e d t o some e x t e n t w i t h cadmium s t a b i l i z e r s , s i n c e high demands a r e made on long-term s t a b i l i t y and s u n l i g h t r e s i s t a n c e . I n o t h e r f l e x i b l e PVC products f o r outdoor u s e , i t has been p o s s i b l e t o r e p l a c e cadmium w i t h , f o r example, zinc-o r lead-containing s t a b i l i z e r s . S u b s t i t u t i o n problems e x i s t p r i m a r i l y i n products of r i g i d PVC intended f o r long-term outdoor use. C e r t a i n t y p e s of t i n s t a b i l i z e r s , p r i m a r i l y t i n mercaptides and c a r b o x y l a t e s , a r e regarded as promising s u b s t i t u t e s from t h e t e c h n i c a l viewpoint.
I n f l e x i b l e products f o r indoor u s e , such a s woodwork f i l m s , f l o o r i n g , car u p h o l s t e r y , e l e c t r i c a l c a b l e s , t u b i n g , and hoses, it h a s been p o s s i b l e i n most c a s e s t o r e p l a c e cadmium. S u b s t i t u t e s i n t h e s e a p p l i c a t i o n s can be zinc-containing s t a b i l i z e r s . There i s no problem i n r e p l a c i n g cadmium i n r i g i d products f o r indoor use such a s p i p e s , extruded s e c t i o n s , and phonograph records.
9.
Replacement of organic-based p a i n t w i t h water-based p a i n t i n metal c o a t i n g .
Emerson E l e c t r i c Company of Murphy, North Carolina s u b s t i t u t e d a water-based anodic e l e c t r o s t a t i c immersion p a i n t sustem f o r i t s o r g a n i c solvent-based p a i n t system i n i t s production of small e l e c t r i c a l appliances. A s a r e s u l t , t h e q u a l i t y of t h e p a i n t a p p l i c a t i o n has g r e a t l y improved, and annual p r o d u c t i v i t y has i n c r e a s e d by 1 m i l l i o n d o l l a r s .
Down time f o r t h e new system has decreased 66 percent.
The water-based system allows 99.5 percent recovery and reuse of t h e p a i n t overspray. Consequently, raw m a t e r i a l c o s t s f o r p a i n t have decreased by $600,000 per year.
I n s t e a d of g e n e r a t i n g 3000 pounds p e r day of a r o m a t i c , c h l o r i n a t e d hazardous s o l v e n t waste and 70 pounds per day of p a i n t s o l i d s , t h e company now g e n e r a t e s only 150 pounds of non-reactive s o l v e n t per day, and only two pounds of p a i n t s o l i d s p e r day. As a r e s u l t of t h e s e changes, hazardous waste management c o s t s have been reduced from $10,000 t o only $300 annually.
With t h e new p a i n t system, personnel and maintenance c o s t s have decreased by 40 p e r c e n t , and worker exposure t o o r g a n i c s o l v e n t s has been eliminated. (34) 10.
Replace o r g a n i c solvent-based c o a t i n P w i t h water-based c o a t i n g i n t h e pharmaceutical i n d u s t r y .
Riker L a b o r a t o r i e s , one of 3M' s pharmaceutical p l a n t s i n Northridge, CA,
one. replaced t h e o r g a n i c s o l v e n t c o a t i n g f o r medicine t a b l e t s w i t h a water-based D i f f e r e n t s p r a y equipment was i n s t a l l e d i n t h e c o a t i n g machine t o accomodate t h e new c o a t i n g medium.
The pumping mechanism, tubing, and c o n t r o l systems were a l s o modified.
Because t h e switch was from o r g a n i c s o l v e n t s
w i t h a h i g h e r v o l a t i l i t y t h a n water, t h e h e a t i n g c a p a c i t y of t h e d r y e r had t o be i n c r e a s e d so t h a t t h e t a b l e t s would d r y properly. S p e c i a l tests proved t h e s t a b i l i t y of t h e product,
t h e U.S. 
Food and Drug Administration approved i t i n time t o meet t h e e f f e c t i v e d a t e of t h e new
Replace organic-based i n k w i t h water-based ink.
Rexham Corporation i n Greensboro, North Carolina s u b s t i t u t e d waterborne i n k s f o r t h e t r a d i t i o n a l alcohol/acetate-based i n k s i n t h e i r manufacturing and p r i n t i n g of s p e c i a l i z e d product l a b e l s .
There were i n i t i a l l y s e v e r a l t e c h n i c a l problems w i t h t h e s u b s t i t u t i o n , b u t , f o r many a p p l i c a t i o n s , o p e r a t o r r e t r a i n i n g was s u f f i c i e n t t o achieve e x c e l l e n t product q u a l i t y w i t h water-based inks. This change r e s u l t e d i n reduced s p e n t s o l v e n t volume and a i r emissions of s o l v e n t s . The s u b s t i t u t i o n d i d r e s u l t i n decreased p r i n t i n g speed and cannot be used if g l o s s i s r e q u i r e d i n t h e f i n a l product. (36) CLEO WRAP of Memphis, Tennessee is t h e l a r g e s t U.S.
producer of Christmas g i f t wrapping paper.
The company u s e s rotogravure p r i n t i n g w i t h seven high-speed and two low-speed p r e s s e s .
Frequent i n k changes and p r e s s cleanups u s i n g o r g a n i c s o l v e n t s l e d p r e v i o u s l y t o t h e g e n e r a t i o n of l a r g e amounts of " i g n i t a b l e " hazardous wastes and l a r g e q u a n t i t i e s of VOC's.
A f t e r f i v e y e a r s s p e n t i n implementation, CLEO WRAP completed t h e conversion from o r g a n i c solvent-based i n k s The c o s t of new equipment was only $3,500, i n c l u d i n g a steam c l e a n i n g t a n k f o r c l e a n i n g p r i n t c y l i n d e r s and a waste d i l u t i o n and d i s p o s a l tank.
The i n k change r e s u l t e d i n t h e e l i m i n a t i o n of a l l s o l v e n t s t o r a g e , below and above ground, and consequently a r e d u c t i o n in f i r e i n s u r a n c e premiums and a new s t a t u s a s a s m a l l hazardous waste g e n e r a t o r .
However, t h e conversion t o water-based i n k s involved a long pioneering e f f o r t w i t h many i n t e r r e l a t e d modifications.
The conversion n e c e s s i t a t e d t h a t a l l p r i n t i n g c y l i n d e r s had t o be replaced w i t h those having s h a l l o w e r e t c h i n g s ; a l l p r i n t i n g p l a n t personnel had t o be r e t r a i n e d t o work w i t h water-based i n k technology; and i n k s u p p l i e r s had t o be persuaded t o develop a f u l l range of water-based ink c o l o r s which d i d not e x i s t i n 1978, when t h e conversion was i n i t i a t e d .
Amko P l a s t i c s i n C i n c i n n a t i , Ohio is a manufacturer of s p e c i a l t y p l a s t i c bags used by r e t a i l s t o r e s , i n d u s t r i a l packagers, and promotional a d v e r t i s e r s . I t s manufacturing processes i n c l u d e f l e x o g r a p h i c p r i n t i n g , polyethylene f i l m e x t r u s i o n , i n j e c t i o n molding, and bag manufacturing. I n i t s e f f o r t s t o comply with "best a v a i l a b l e technology" when i n s t a l l i n g t h r e e new p r i n t i n g p r e s s e s i n 1983, Amko decided t o s w i t c h t o a water-based i n k system. However, conversion from solvent-based i n k s t o water-based inks was not an e a s y t a s k ; many procedural a s w e l l a s manufacturing changes were necessary t o f a c i l i t a t e t h e conversion.
One challenge was t o make everyone throughout t h e company--printing p r e s s o p e r a t o r s , i n k department personnel, s a l e s r e p r e s e n t a t i v e s , a d m i n i s t r a t i v e c l e r k s , s u p e r v i s o r s , and managers--aware of t h e commitment and involvement which would be required f o r s u c c e s s f u l implementation. P r i n t i n g p r e s s and polyethylene f i l m modifications were necessary because of t h e poor q u a l i t y of e a r l y water-based i n k s and t h e i r s i g n i f i c a n t l y slower le t o accomodate t h e 1 systems were a l s o higher v o l a t i l i t y eased so t h a t t h e t y of t h e p r o d u c t , meet t h e e f f e c t i v e i t y was maintained evaporationldrying r a t e . The i n k d i s t r i b u t i o n system, p r i n t i n g p l a t e m a t e r i a l s , and p r e s s cleanup a l s o had t o be modified, Despite t h e t e c h n i c a l c h a l l e n g e s of t h e s w i t c h , some advantages have r e s u l t e d .
Water's slower evaporation r a t e and r e s u l t a n t s m a l l e r v i s c o s i t y f l u c t u a t i o n make it e a s i e r t o hold c o n s i s t e n t c o l o r throughout a p r e s s run.
C a l i f o r n i a ' s VOC i c a t i o n .
The f i r m ion equiment which ster-based system. x k e r exposure t o :ed waterborne i n k s u r i n g and p r i n t i n g e c h n i c a l problems r r e t r a i n i n g was ased inks. This ons of s o l v e n t s . nnot be used i f u c e r of Christmas h seven high-speed nups using o r g a n i c s of " i g n i t a b l e " y e a r s spent i n solvent-based i n k s exceed $35,000. n e n t s and s o l v e n t The c o s t of new r c l e a n i n g p r i n t :e r e s u l t e d i n t h e id consequently a . hazardous waste pioneering e f f o r t i i t a t e d t h a t a l l ' r e t c h i n g s ; a l l water-based i n k a f u l l range of conversion was a l t y p l a s t i c bags d v e r t i s e r s . I t s l y e t h y l e n e f i l m t s t o comply w i t h p r e s s e s i n 1983, i n k s w a s not an r e necessary t o throughout t h e rsonnel, s a l e s ers--aware of t h e implement a t ion.
? because of t h e f i c a n t l y slower Though t h e c o s t of water-based i n k s is f r e q u e n t l y h i g h e r i n c o s t per pound t h a n alcohol-based i n k s , a h i g h e r y i e l d can be expected because water-based i n k s c o n t a i n more pigment per pound of f i n i s h e d inks.
The management r e p o r t s "a n o t i c e a b l e improvement i n t h e q u a l i t y of ambient p r e s s room a i r due t o t h e d r a s t i c reduction of s o l v e n t vapors." (37)
Regulatory C o n s t r a i n t s t o S u b s t i t u t i o n E f f o r t s
The previous two examples (CLEO WRAP and Amko) p a r t i c u l a r l y h i g h l i g h t some of the t e c h n i c a l d i f f i c u l t i e s of m a t e r i a l o r process s u b s t i t u t i o n s . S u b s t i t u t i o n i s not a p p r o p r i a t e f o r every f i r m , and t h e d e c i s i o n t o make a process change does not guarantee i t s success. As described i n t h e Amko example, e x t e n s i v e procedural and manufacturing changes may be required.
F i n a n c i a l , a t t i t u d i n a l , and time commitments may be more e x t e n s i v e t h a n i n i t i a l l y a n t i c i p a t e d .
I n a d d i t i o n t o i t s t e c h n i c a l problems,
Amko continues t o encounter d i f f i c u l t i e s a s a d i r e c t r e s u l t of i n e q u i t a b l e Clean A i r Act r e g u l a t i o n s and uneven enforcement of e x i s t i n g r e g u l a t i o n s on i t s competitors. Makrauer s t a t e s :
One competitor, l o c a t e d i n I n d i a n a , o p e r a t e s n i n e p r e s s e s which a r e s u b j e c t t o a b s o l u t e l y no r e g u l a t i o n s i n c e they were i n s t a l l e d p r i o r t o 1980.
This competitor i s i n s t a l l i n g two new p r e s s e s , which w i l l have c o n t r o l d e v i c e s , but i s s u b j e c t t o no r e g u l a t i o n r e q u i r i n g i t t o e i t h e r c o n v e r t t o water-based i n k s o r i n s t a l l c o n t r o l d e v i c e s on i t s e x i s t i n g n i n e p r e s s e s . I n a personal conversation w i t h one of t h e i r d i v i s i o n o f f i c e r s , I was t o l d , "
Because of high unemployment i n t h i s a r e a , l o c a l o f f i c i a l s a r e a f r a i d t o do anything which might n e g a t i v e l y a f f e c t employment."
The EPA had not even heard of another l a r g e competitor, l o c a t e d on Long I s l a n d , New York.
I n a p e r s o n a l c o n v e r s a t i o n w i t h one of t h e i r v i c e -p r e s i d e n t s , I asked, "Have you used any water-based inks?" "NO," was t h e r e p l y .
"What do you do about g e t t i n g permits when you i n s t a l l a new p r e s s ? " I asked.
"Oh, we don't g e t permits," he responded.
"In our a r e a , i f you do not vent your p r e s s exhaust o u t s i d e your b u i l d i n g , you do not have t o g e t permits." I n a c o n v e r s a t i o n w i t h a r e p r e s e n t a t i v e of t h e New York D i v i s i o n of A i r , an Amko a t t o r n e y was t o l d t h a t , i f t h e r e was no v e n t i n g , no permit would be r e q u i r e d and no EPA r e g u l a t i o n s would apply, because EPA r e g u l a t i o n s d i d not apply t o i n s i d e a i r , r e g a r d l e s s of the source.
And, y e t a n o t h e r competitor on Long I s l a n d paid f i n e s of $5,000 on A p r i l 1 , 1985, $10,000 on October 1 , 1985, and $15,000 on A p r i l 1, 1986. They a r e claiming compliance w i t h exempt s o l v e n t s which, i n c i d e n t a l l y , have r a i s e d s e r i o u s concerns w i t h i n t h e i n d u s t r y about t h e i r p o t e n t i a l t o x i c i t y and c a r c i n o g e n i c i t y . ( 3 8 ) So, while Amko h a s s p e n t over two m i l l i o n d o l l a r s on i t s compliance e f f o r t s , one competitor p a i d t o t a l f i n e s of $30,000 and f o u r o t h e r s s p e n t nothing whatsoever.
Another problem r e l a t e s t o t h e q u a l i t y of c u r r e n t l y a v a i l a b l e water-based inks.
Because only a few firms have requested t h a t s u p p l i e r s develop and improve water-based i n k s w i t h a commitment t o completely c o n v e r t i n g from alcohol-t o water-based i n k s , r e s e a r c h e x p e n d i t u r e s , while s i g n i f i c a n t , have not been a s g r e a t a s t h e y would have been i f a l l f l e x o g r a p h i c p r i n t e r s had put p r e s s u r e on s u p p l i e r s t o develop a water-based system.
Amko b e l i e v e s t h a t t h e development of improved water-based i n k s i s d i r e c t l y p r o p o r t i o n a l t o t h e number of p r i n t e r s whom t h e EPA f o r c e s t o come i n t o compliance with water-based inks.
A second problem r e l a t e s t o customer acceptance. Lower g l o s s l e v e l s and l e s s 29 v i v i d c o l o r s cause some customers t o r e f u s e products p r i n t e d w i t h water-based i n k , t u r n i n g i n s t e a d t o competitors who p r i n t w i t h alcohol-based i n k , o u t of compliance w i t h EPA r e g u l a t i o n s . This problem might be a l l e v i a t e d by c o n s i s t e n t EPA enforcement a g a i n s t a l l p r i n t e r s i n t h e i n d u s t r y ; i f f o r c e d t o choose between c o n t r o l devices and water-based i n k s , most p r i n t e r s would probably choose waterbased inks. Consequently, t h e number of competitors whom consumers could t u r n t o t o p r i n t with alcohol-based i n k s would be s i g n i f i c a n t l y reduced.
A t h i r d problem i s t h e 20 t o 25 percent i n c r e a s e d production c o s t s of p r i n t i n g with water due t o slower p r i n t i n g speeds w i t h t h e water-based inks. Even a f t e r a s u c c e s s f u l conversion, water-based i n k p r i n t i n g c u r r e n t l y r e s u l t s i n i n c r e a s e d c o s t s i n t h e form of longer s e t -u p and wash-up t i m e s , i n c r e a s e d metal a n i l o x r o l l maintenance, i n c r e a s e d s c r a p r a t e s , and slower production runs r e s u l t i n g from slower d r y i n g speeds.
Other firms who have done v i r t u a l l y nothing t o comply with EPA r e g u l a t i o n s have experienced n e i t h e r t h e s e c o s t s nor t h e c o s t of c o n t r o l devices.
The i n e q u i t a b l e r e g u l a t i o n s and uneven enforcement which companies encounter have extended e f f e c t s which may negate t h e o r i g i n a l i n t e n t of t h e r e g u l a t i o n s : (1) i f only a few companies comply, t h e r e i s no s t i m u l u s f o r s u p p l i e r s t o engage i n R&D t o improve t h e a l t e r n a t i v e technology; ( 2 ) t h e r e i s no i n c e n t i v e f o r customer acceptance of water-based i n k products i f some companies are allowed t o o p e r a t e o u t of compliance; and ( 3 ) companies who comply w i t h r e g u l a t i o n s i n c u r t h e added c o s t of implementation while t h e i r competitors do not.
Makrauer f e e l s t h a t t h e EPA's enforcement scheme is not w e l l served by p e r m i t t i n g t e c h n o l o g i c a l i n n o v a t o r s such a s Amko t o s u f f e r competitively and economically a s a r e s u l t of uneven enforcement. (39) CONCLUSIONS The e l e v e n examples which have been p r e s e n t e d i l l u s t r a t e t h a t m a t e r i a l and process s u b s t i t u t i o n s be e f f e c t i v e . Replacing c h l o r i n a t e d and non-chlorinated o r g a n i c s o l v e n t s w i t h a l t e r n a t i v e s o l v e n t s and waterborne c o a t i n g s r e s u l t s i n minimized VOC emissions, reduced hazardous waste d i s p o s a l c o s t s , improved worker s a f e t y , and reduced explosion r i s k .
Replacement of c a u s t i c and a c i d i c metal c l e a n i n g systems w i t h a b r a s i v e and mechanical c l e a n i n g approaches can, i n many c a s e s , almost completely e l i m i n a t e waste generation.
Finding a l e s s t o x i c s u b s t i t u t e o r a p h y s i c a l process t o r e p l a c e t o x i c metals such a s cadmium and mercury e l i m i n a t e s o r reduces t h e problems of CERCLA l i a b i l i t y and RCRA compliance.
These process changes have t h e p o t e n t i a l not only t o b r i n g t h e f i r m i n t o compliance w i t h environmental r e g u l a t i o n s but a l s o t o enhance p r o d u c t i v i t y and product q u a l i t y .
However, t h e r e a r e s e v e r a l c o n s t r a i n t s which i n h i b i t t h e development and implementation of waste r e d u c t i o n s t r a t e g i e s .
I n e q u i t a b l e r e g u l a t i o n s and uneven enforcement discourage compliance by s t i f l i n g r e s e a r c h and development of a l t e r n a t i v e t e c h n o l o g i e s , slowing customer acceptance of compliance p r o d u c t s , and i n f l i c t i n g an unbalanced implementation c o s t on f i r m s who do comply.
C a l d a r t and Ryan ( 4 0 ) have developed an e x c e l l e n t model of t h e motivation and mechanism which c h a r a c t e r i z e a n e f f e c t i v e r e g u l a t o r y p o l i c y t o encourage production process change. Another s t i m u l u s f o r t h e development of waste r e d u c t i o n t e c h n o l o g i e s would be f o r government and i n d u s t r y t o work together i n (1) i d e n t i f y i n g problem a r e a s i n need of s a f e r s u b s t i t u t e s , ( 2 ) p r i o r i t i z i n g t h e s e r e s e a r c h needs, and t h e n ( 3 ) p r o v i d i n g f i n a n c i a l support i n these a r e a s f o r r e s e a r c h teams drawn from academia, i n d u s t r y , and government s e c t o r s t o develop and t e s t new and s a f e r m a t e r i a l s and methods.
The Dutch a r e pioneers i n t h i s a r e a ; Dutch government and i n d u s t r y give e x t e n s i v e f i n a n c i a l support f o r t h e development of s a f e r a l t e r n a t i v e s , r e l y i n g on t h a t a s a v e h i c l e towards achieving t h e i r environmental g o a l s r a t h e r t h a n upon r e g u l a t i o n s a l o n e t o be t h e d r i v i n g f o r c e .
The combination of governmental and i n d u s t r i a l s u p p o r t of academic and i n d u s t r i a l r e s e a r c h t o develop and t e s t t h e s e a l t e r n a t i v e t e c h n o l o g i e s , coupled w i t h g r e a t e r consumer acceptance of a l t e r n a t i v e m a t e r i a l s , could be a p r a c t i c a l paradigm f o r t h e United S t a t e s . 
